found to require an order of magnitude higher concentration of Rhodamine B (with the optical arrangement used).
Experiments were also carried out on several pairs of dye mixtures, including Dichlorofluorescein as donor and Rhodamine B and DODC as acceptors, and using the 488.0 nanometer output of an argon ion laser to excite the donor alone. The results showed that excitation transfer rates were related (i) to the overlap of absorption and emission spectra of the acceptor and donor dyes respectively and (ii) to the dye concentration.
The efficiency of excitation transfer, as measured by the total fluorescent quantum yield for the mixture, over the quantum yield for the donor dye alone was found to be -90% for single step transfer. This was the case for several of the dyes tested, including those used for three color laser operation.
The high efficiency of the energy transfer processes makes the use of dye mixtures attractive for a variety of applications including three color lasers for display purposes, and for increasing the efficiency of flashlamp pumped dye laser systems by utilizing more effectively the wide spectral output of the pump bands. Photodegradation of organic dyes has severely limited the life of the laser, but the degradation mechanism is not yet well understood. The study on the degradation has been made so far by measuring changes in the absorption and fluorescent spectra of the dye solution before and after photodegradation. We age investigating the photodegradation mechanism by a quite different method where laser-induced free radicals and triplet-dyes are directly monitored at 77 K using an esr technique during and after laser irradiation. In comparison with measuring optical spectra our method has the following merits; (1) the dye molecules in the first triplet excited state and the photochemically produced free radicals can be directly detected, and (2) At first it was found that continuous excitation for several minutes by UV or 5145 ,&beams produced the esr signals of the free radicals and decreased the intensity of the Hmin line which is proportional to the triplet-dye concentration. These phenomena appeared in the case of UV excitation under less excitation-power and -time than in the case of visible excitation, and the Fig. 3 . COT concentration dependences of the peakto-peak esr signals due to the triplet-dyes before degradation and of those due to the free radicals after UV irradiation.
Investigation of Photodegradation
shapes of the spectra due to the free radicals produced were different, as shown in Fig. 1 . The peak-to-,peak esr signals due to the free radicals produced after laser irradiation with 5145 8, for five minutes and those due to the triplet-dyes (which were recorded during irradiation of 5145 8, beam with very low power after the degradation) are given as a function of the continuous irradiation power in Fig. 2 . Furthermore, the investigation of the effects of different dyes (R6G, RB, RS, AR, and FDS) and solvents (ethanol, methanol, and DMSO) on the UV laser-produced radical-spectra has shown the spectrum shape depends on the solvent molecule but hardly depends on the molecular structure of the dye. The dependence of the peak-to-peak radical signals on the triplet molecular concentrations was examined for 1 x M ethanolic R6G solutions with different COT concentrations after UV irradiation, as shown in Fig. 3 . From these results, we consider that the chemical reaction between the triplet-dye molecules and the solvents dissolving the dye causes the photodegradation of the dye solution and produces the free radicals. Although substantial effort has been devoted analyzing lasing dyes in the 300-700 nm near UV and visible spectral regions, near IR (700-1000 nm) dyes are less well researched.'-' Such
Lasing Efficiency and

